Mortality trends in rural and metropolitan fogs.
-Visibility data were used to assess the relative effects of fog in the two environments. In each area weekly mortality figures were grouped according to temperature conditions of the week preceding death, and then subdivided within each temperature grouping according to the number of hours of related fog (i.e. visibility of less than 440 yd). It is apparent that in East Anglia there was no definite association between mortality and visibility under constant temperature conditions (Fig. 1 ). In each of the different temperature ranges, mortality levels were unaffected by variation in the number of hours of fog. The London data, on the other hand, showed a marked association between fog and mortality during very low temperature conditions. Thus at temperature indices below 32°F, the weeks with the highest fog rating had an average bronchitis mortality three times greater than for those weeks with the lowest fog rating, and deaths in the combined cardiorespiratory group were almost doubled. With slightly higher temperatures a mortality gradient with fog remained evident for deaths from bronchitis, but above 36°F this association disappeared for both respiratory and heart disease. It appears that the more serious effects of metropolitan fog, as measured by excessive increases in mortality, occur only when fog is accompanied by very low temperature conditions, a finding consistent with the conclusions of Russell (1924) from a long-term study of mortality in two London boroughs. REFERENCE Epidemiology of Toxoplasmosis Toxoplasma exists in two forms-the free proliferative form, found in acute infection, and the cyst form which is associated with the development of antibodies in the host. In contrast to the free form the cystic form is well tolerated by the host and does not set up an inflammatory reaction. It can remain dormant in the tissues of animals for the period of their natural lives; it has been found in a baby 32 months after congenital infection (Couvreur, 1955) and also at autopsy in men who have died of causes other than toxoplasmosis (Kean and Grocutt, 1947) .
Toxoplasma infects many, probably all, species of mammals, including man, and also some species of birds. Nor has it any more respect for the boundaries of geography than for those of zoology, being found in the Arctic Circle and even more commonly in the tropics. Results of serological surveys of its incidence in adult man are shown in Table I . Noteworthy is the marked difference from place to place. Gronroos (1955) observed considerable variation within a comparatively small area, as did Beverley (1956) who found dye-test antibodies to a titre of 1 : 4 or more in 75 % of adults in Spilsby but in less than 35 % in Southwell.
On average antibodies were more frequently found in rural (36% at a titre of 1: 16 or more) than in urban districts (22 5%) (Beverley, 1956) . Piekarski (1955) made a similar observation, but Gibson (1956) found no difference.
Serological surveys on animals give a similar picture (Table II) and show even more striking found no antibodies in two herds of cattle but 38 % and 49 % in two others. Among the sheep of the Navajo Indians the incidence was 5%, but in Kentucky sheep 56% . Beverley (1959) found antibodies in 34 % of sheep in two West Riding flocks but in 90 % of one East Riding flock.
In spite of the vast amount of infection toxoplasma does relatively little harm. If ability to live on good terms with its host be the criterion of the success of a parasite, then toxoplasma is eminently successful. Sometimes of course it does cause harm, the most tragic manifestations being found in congenital infections. Obviously not all infections, certainly not all human infections, are congenital. If they were the incidence of toxoplasma antibodies would be highest in childhood, for this is an infection which, though present in foetal life, stimulates antibodies in the baby. In fact the reverse is the case; the incidence of antibodies increases with advancing years.
The commonest manifestation of acquired toxoplasmosis is lymphadenopathy, clinically indistinguishable from infectious mononucleosis, and sometimes giving a similar blood picture. It is never, however, accompanied by a Paul-Bunnell reaction. In England about 7 % of cases of "glandular fever" in which there is no Paul-Bunnell reaction are, in fact, cases of toxoplasmosis (Beverley and Beattie, 1958) . Siim (1959) reported on 40 patients with adenitis of unknown origin examined in the outpatient department of the Finsen Institute, Copenhagen. Of these, 5 (13 %) had toxoplasmosis. Other causes were Hodgkin's disease (2), metastases (1), reticulum cell sarcoma (1) and tuberculosis (2).
The severity may vary from a few enlarged symptomless glands, found on routine medical examination, to generalized glandular enlaigement with marked weakness, muscle pains and protracted convalescence. Toxoplasms have on several occasions been isolated by muscle biopsy. Complete recovery is the rule but a few cases have been complicated by myocarditis and by choroidoretinitis. This has given rise to the suspicion that primary myocarditis might be due to toxoplasmosis. There is at least one proven instance of this (Potts and Williams, 1956) but serological investigation of patients suffering from myocarditis does not suggest that toxoplasmosis is a common cause. The position with regard to choroido-retinitis is obscure. It is estimated, on serological grounds, that in 25 % to 35 % of cases toxoplasmosis is the cause, but how much is of congenital and how much of acquired origin is unknown. Other reported manifestations of acquired toxoplasmosis have been encephalitis and a fatal typhus-like disease. The former has been rarely, and the latter never, seen in this country.
The next question is whence does infection come ? In view of the wide distribution of toxoplasma in the animal kingdom this should be easy to answer. But from the very abundance of infected animals comes difficulty. Thus Gibson and Eyles (1957) in the neighbourhood of a congenitally infected baby found infection in dogs, cats, mice, hens, ducks and pigeons. Only the wild birds were free. They regarded toxoplasmosis as a zoonosis passing between many species of animals including man. Of man's domestic animals, dogs and cats have been most frequently suspected. It is indeed possible that a susceptible person caring for an acutely sick animal might pick up the infection, but in many cases there is no history of intimate contact and it is hardly likely that casual contact with a latently infected animal would suffice. Moreover Beverley et al. (i 954) found no difference in the incidence of toxoplasma antibodies in men who kept dogs and in others who did not. There was, however, a significantly higher incidence in veterinary surgeons, abattoir workers and rabbit handlers, particularly rabbit trappers, but Roever-Bonnet (1957a) was not able to confirm this in abattoir workers.
It should not be forgotten that the animal with which man is most in contact is man. There is no definite proof of man-to-man transmission, but Kemp (1950) suspected it in a nurse who had cared for a toxoplasmosis patient. Paton et al. (1958) thought it might have taken place in the case of two brothers who slept in the same bed, and Jacobsson (1953) found infection in a father and son. Sometimes, moreover, high-titre antibodies, indicating recent infection, are found in the healthy siblings of patients with acquired toxoplasmosis (Beverley and Beattie, 1958) . This may indicate man-to-man transmission but may equally well point to infection from a common source. Against the theory of man-to-man transmission is the fact that antibodies are no more frequent in husband and wife than they would be by chance. Spread of infection must be considered in relation to the two forms of the parasite-the free proliferative form which dies soon after it leaves the body of its host, being particularly susceptible to drying, and the cyst form which survives for rather longer periods. Toxoplasma is discharged in the secretions and excretionsmilk, urine, sputum, saliva, nasal discharge-of infected animals but, as the evidence has been obtained by animal inoculation, the form of the parasite is unknown. Spread of the proliferative form would have to be immediate, by inhalation or by the penetration of skin or mucus membrane; gastric juice destroys it fairly readily, so infection by ingestion is improbable. On the other hand the proliferative form readily infects animals when instilled into the nose. Beverley (1950) succeeded in infecting mice by placing them in a chamber into which toxoplasms of the R.H. strain were sprayed so that each mouse inhaled 5 to 9 parasites. In a somewhat similar experiment Kunert and Schmidtke (1954) succeeded in infecting guinea-pigs but not mice. These, however, were drastic experiments under highly artificial circumstances. The cyst form withstands external influences better than the proliferative form. In dead animal tissue it may remain alive for at least sixteen days at refrigerator temperature (Bain et al., 1956) . Nor is it destroyed by the gastric juice. Experimentally it has been found easy to infect animals with cysts by the oral route, a single cyst being enough to infect a mouse. Animals, and man, might therefore acquire infection by swallowing material contaminated with cysts discharged by infected animals. Unfortunately we do not yet know if cysts are discharged, nor does this seem likely, for highly susceptible mice may be kept in very close association with infected mice for long periods without becoming infected and the same is true of dogs . Cysts may be found in the lung alveoli of experimental animals (Lainson, 1958) , and thus infection spread by cysts in sputum.
Against this is the failure of infection to spread from animal to animal in close association.
Cystsare,however,presentinthe flesh ofinfected animals and the only known way, apart from congenital infection, by which mice become infected is by cannibalism. Dogs and cats might become infected when hunting, and man by eating meat containing cysts. Very probably this does occur. Siim (1951) reported that one of his toxoplasmic patients had been on a raw meat diet for medical reasons. So had the tuberculous patients with high dye-test titres described by Desmonts (1959) .
Certainly there are opportunities for infection in this way, for Rawal (1959a) isolated toxoplasma from the brains of 6 of 100 sheep and Jacobs (1957) from the diaphragms of 12 out of 50 pigs.
For meat to produce infection it must be eaten raw or very imperfectly cooked; Rawal (1959b) found the incidence of toxoplasma antibodies to be the same in meat eaters (Christians and Moslems) as in vegetarians (Hindus) in Bombay.
In this country there is little consumption of uncooked meat. The little there is has occasionally given rise to trichinosis, which has been found predominately in women, particularly young women, who hurriedly put together a sandwich before going to work. The man of the house, who insists on having his meat properly cooked, escapes. If, therefore, toxoplasma infection came from eating infected meat it would be commoner in women than in men, and that is not so.
Another suggested mode of transmission has been by blood-sucking insects, but no one has yet succeeded in effecting this experimentally.
In some respects analogous to toxoplasmosis are coccidiomycosis and histoplasmosis which, in certain areas, are widespread but cause relatively little disease. These we believe are spread by the inhalation of spores from the soil. Toxoplasma, however, is such a strictly intracellular parasite that it is almost inconceivable that it could survive, let alone multiply, in soil! The puzzle is somewhat like that of Q fever in which inhalation appears to play a prominent part but the consumption of infected milk has also been incriminated. Toxoplasma may be found in milk, though with what frequency is unknown. Pasteurization temperatures, however, destroy it (Rawal, 1959c), but some unpasteurized milk is still drunk in this country. Milk, if it be a source of infection, cannot be the only one for the inhabitants of Bombay boil their milk yet have toxoplasma antibodies as frequently as the inhabitants of Sheffield.
Dr. J. K. A. Beverley (Sheffield):
Congenital Toxoplasma Infections Infection with Toxoplasma gondii in human beings usually remains subclinical; even so, before immunity becomes established, some degree of spread occurs in the body by direct extension from the portal of entry, by the lymphatics, by the blood stream, or by combinations of these methods. When spread occurs by the blood stream, minute secondary foci may be established in any of many tissues. If a primary infection occurs in a pregnant woman, secondary foci may develop in the placenta and these may release toxoplasma into the feetal circulation; so, the seeds of congenital toxoplasmosis are sown.
What happens next depends on several factors -the age of the foetus, the size of the infecting dose and the virulence of the strain of toxoplasma. At best, the infection may be overcome without any permanent damage; this does happen for we know of one patient with bilateral choroiditis whose twin had no signs at all and yet was found to have high antibody levels when aged 2 years. At worst, a generalized infection develops and leads to foetal death.
Infection in early pregnancy may lead to abortion (Magnusson, 1951; Wildfiihr, 1954) but it is not a common cause of this for Feldman and Eichenwald (1953) investigated 95 cases without finding any evidence of active toxoplasmosis. Depending on the exact time infection later in pregnancy may cause a miscarriage, a premature live birth, a stillbirth at term, or a live birth with stigmata. If foetal infection occurs shortly before birth, the child may be born alive and appear quite normal only to develop changes during the first three months of post-natal life.
The feetus does not make its own antibody. It is dependent on antibody acquired passively from its mother. This antibody in the presence of "activator"-a complement-like component of serum-is toxoplasmocidal. The concentration of the passively acquired antibody in the foetal plasma depends on the permeability of the placenta to maternal antibody. Before the 32nd week of pregnancy, practically no antibody crosses to the fcetus, but during the next month gradually increasing quantities, and in the last month large amounts, are transferred. The feetal concentration is also proportional to the maternal concentration and at term the ratio on the average is 5: 3. The maternal antibody concentration in its turn is in some measure related to the permeability of the placenta in the reverse direction for this governs the amount of antigen transferred back from feetus to mother. Early in intra-uterine life, the feetus has no complement or activator and it is not until the early days of post-natal life that all the components of a fully hemolytic complement are present.
In general the antibody and complement concentrations in the foetal plasma are greater, the longer the duration of the pregnancy. The effectiveness of passively acquired antibody is greatest in the fcetal body fluids and very much less in the cells-where most of the parasites are. There is evidence that the greater the similarity of maternal and foetal antigens, such as A B 0 and other blood group antigens, the greater is the penetration of the passively acquired antibody into the feetal cell membranes.
With the first shower of toxoplasms from the placenta into the foetal circulation, a parasitwmia is established. Some of the organisms are engulfed by reticulo-endothelial cells and settle in such tissues as liver or spleen to multiply there and spread locally with the formation of focal lesions which may undergo central necrosis. Generally speaking, the more actively growing the tissue is, the more likely it is to be the site of toxoplasma proliferation. Hepatosplenomegaly with or without jaundice is a common finding.
Disturbances of the hemopoietic system may occur and we have been concerned with two cases where congenital purpura was the only clinical finding. Some cases simulate hiamolytic disease of the newborn . At this visceral stage of the infection, lymph-node enlargements, generalized cedema and skin rashes (usually morbilliform) may occur.
Usually the feetus or infant survives this stage and the systemic effects gradually subside; central nervous system involvement may follow, probably because the defence mechanisms operate less efficiently here. By far the commonest site of clinical manifestations is the choroid of the eye. The size, the situation in the choroid and the number of the lesions vary enormously. Sometimes spread occurs to other tissues of the eye causing a panophthalmitis and a useless microphthalmic eye may result. If confined to the choroid and retina, an extensive lesion will cause a white "reflex" on shining a light into the eye and such a defect is usuaUly noticed at a very early age. A less extensive lesion, but one involving the macula, may be the underlying cause of a searching nystagmus or a squint, first noticed about the time that binocular vision should be established. Lesions just off the macula may not be found until early school life when the child is first suspected of having a visual defect and an ophthalmoscopic examination is made. Other lesions in the periphery of the fundus may not be found until much later in life when an acute exacerbation occurs, accompanied by vitreous haze and diminution of visual acuity. Some lesions are found on routine ophthalmoscopy and have never given rise to symptoms.
Toxoplasmic choroido-retinitis is by no means a rarity. Over a nine-year period (July 1950 to June 1959) 89 patients who had both choroidoretinitis and toxoplasma antibodies were seen at the United Sheffield Hospitals and 20 such cases were seen at the Barnsley Beckett Hospital (Table  1 ). The population of the catchment areas of the Sheffield Hospitals is 675,360 and that for Barnsley 169,180. While we feel confident of the diagnosis for those patients in the first decade, and for most of those in the second decade, we are not so certain of many of the remainder for, even though the clinical appearances were the same as those of the younger patients, their antibody titre was much lower, in some cases it was as low as the levels commonly found in normal adults. This is only to be expected, for antibody titres fall with the passage of time since infection (Table II) . While there must have been variations in the age of onset of symptoms and also while it must be realized that some of these patients were known to have choroido-retinitis many years agobefore the possibility of a toxoplasmic itiology was appreciated-the incidence in the different I0-year age-groups does not appear to increase 6 with age; this supports the contention that most cases are the result of congenital infection. The brain and spinal cord are liable to damage. A common site is the layer of tissue a few mm external to the ependyma of the lateral ventricles, but more superficial parts of the cortex, the basal ganglia, the medulla and the cord may also be affected. The cerebellum, by contrast, is rarely involved. The lesions are focal but may be so numerous as to become confluent. If this happens in the sub-ependymal areas, portions of tissue may be shed into the ventricles and start an ependymitis, involve the choroid plexuses and lead on to meningitis. Should larger portions of tissue be detached, blocking of the aqueduct and consequent obstructive internal hydrocephalus may occur. Sometimes, usually in intra-uterine life, there is such extensive loss of cortical tissue that microcephaly with internal hydrocephalus results.
Calcification occurs in the brain lesions, more particularly in the healing stages, and thus may be absent at birth but present a few months later. It is often detectable on X-raying the skull and usually takes the form of curvilinear streaks in line with the walls of the lateral ventricles. Large opacities of irregular outline may be found when more superficial parts of the cortex or the basal ganglia are involved.
Because damage can occur in almost any part of the brain, the neurological signs vary enormously. Some children are of normal intelligence while others are virtually decerebrate animals. Convulsions during the active process are quite common; a few cases develop epilepsy laterpresumably as a result of the "healing" processes of cicatrization and calcification. Hypothermia may be present if the basal ganglia are involved. Palsies and sensory changes may be found if the child survives to an age when tests can be made.
In most cases of congenital infection, irreparable damage has already been done. In the older patients the lesions are usually inactive though the infection may still be present but dormant. Acute exacerbations of choroido-retinitis may occur, particularly in early adulthood. In the neonatal period, however, there is usually some residual activity and "healing" is not yet complete. For these cases and for those adults experiencing exacerbations treatment should be attempted. Toxoplasma are sensitive to Pyrimethamine (an anti-folic-acid agent) and to the sulphonamides (anti-paraminobenzoic-acid agents) which inhibit multiplication. Neither drug alone will eliminate infection, but when given together there is a synergy and the combination will eliminate proliferative forms of the parasite. The cysts are more resistant but, in experimental mice, even they will succumb to prolonged treatment. Though the cysts themselves do not cause damage they are reservoirs of potential agents for future recrudescences. Consequently serious consideration should be given to the prolongation of treatment for several months after the acute stages of the infection have been controlled. These drugs are toxic and a careful watch must be kept on the patient's blood for signs of folic-acid deficiency. Toxoplasma induce both humoral and tissue antibodies, and so give rise to a hypersensitive state. The tissue reactions tend therefore to be granulomatous but they can be controlled or minimized by the concurrent administration of corticosteroids. The specific anti-toxoplasma therapy should, however, be continued for at least a fortnight, preferably longer, after the cessation of the cortisone therapy.
Congenital toxoplasma infection occurs in animals other than man. Among the usual laboratory animals we have, so far, found it in three strains of mice-Swiss, Albino and Astrex -and in multimammate rats and rabbits. The maternal infection need not take place during pregnancy, and once established foetal infection may occur in several subsequent pregnancies, being found in the fifth pregnancy in Swiss mice and multimammate rats. Most of the work so far has been done with Swiss mice and on the average almost half the litter was infected, sometimes only one mouse, sometimes all of them; there was also a higher neonatal mortality than in controls. Congenitally infected Swiss mice themselves usually deliver infected offspring without infection from an external source and, up to the present time, such transmission has proceeded as far as the sixth generation. We have no information yet on this point in the other species. So far these findings might, in part, be explained on the grounds that women and all the animal species already mentioned have a placental barrier only one or two cell layers thick, hence transplacental passage would be easy. But congenital transmission also occurs in sheep which have a syndesmo-chorial placenta-five layers thick. In the spring of this year we (Beverley and Watson, 1959) isolated toxoplasma from the aborted or still-born lambs of 6 of 39 aborting ewes in Yorkshire. Infection in a ewe does not necessarily kill the lamb for one ewe had twins, one born alive and the other dead and from its brain we isolated toxoplasma. I have mentioned animals for two special reasons. One is that further study on these lines may help to explain the frequency of infection in many species of domesticated and semi-domesticated animals, and the variations in the incidence of infection found in different geographical areas. The second is to have another opportunity of emphasizing that findings in animals should be applied to humans only with great caution.
From May 1952 to April 1953, through the courtesy of Dr. C. C. Bowley, the director of the Sheffield Regional Transfusion Centre, toxoplasma serum antibody levels have been studied in 298 Rh-negative women through their pregnancies. Early in pregnancy 115 (38 5%) of these had low dye-test antibody levels and the remainder were negative. Of the 183 who were negative, only one became positive (to a titre of 1: 32); by the time we had traced her, she had aborted and unfortunately the products of abortion had been discarded. None of those who were positive in early pregnancy had any subsequent alteration of antibody level to indicate active infection. From this there seems no justification for terminating pregnancy on the grounds that a woman has dye-test antibodies, and indeed, such antibodies make active reinfection unlikely. The only case in which therapeutic abortion might perhaps be considered is when, during pregnancy, the woman's antibody level rises from zero to a high titre. Even then, it must be borne in mind that the child need not necessarily have an infection with gross damage.
Ten years ago, one was cautious in answering the question nearly always asked by parents of a congenitally infected child-"If we have another child, will it be all right ?" Since that time many women have had a pregnancy subsequent to the one when they had an infected child. Both in this country and the U.S.A. these pregnancies have been followed very carefully and, so far, not one of them has resulted in another congenital infection. One woman we know has had three subsequent normal children. Another woman, herself a case of toxoplasmic choroido-retinitis probably congenital in origin, had an acute exacerbation of her choroiditis with marked rise of serum antibody levels while she was pregnant. Her child was quite normal. Thus a reasonable assurance can be given to parents that the same thing will not happen again. FELDMAN, H. A., and EICHENWALD, H. (1953) Laboratory Diagnosis of Toxoplasmosis Although toxoplasmosis may sometimes present a rather characteristic clinical picture, diagnosis can only be made with the aid of the laboratory, which may assist, apart from exclud-ing other diagnoses, by attempting to isolate the parasite, studying biopsy material, examining for serum antibodies, and determining skin sensitivity to toxoplasma antigen.
Isolation of the parasite is the only completely satisfactory method of demonstrating infection. This has been done from most tissues of the body, particularly the lymph nodes, blood, C.S.F., brain and muscle; and in the rarer cases where antibody formation is delayed or feeble, or the patient is-in a very early stage of the disease, isolation may be the only method of making a diagnosis. For example, toxoplasma has been isolated from the blood four days after the onset of an infection acquired in a laboratory (Kayhoe et al., 1957) , and from the amniotic fluid of a baby with anencephaly and from the C.S.F. of a baby with hydrocephalus, in both of whom serum antibodies were absent (Schmidtke, 1957) . The parasite has also been isolated from the blood of a healthy woman in charge of a dog ill with toxoplasmosis (Prior et al., 1953) .
The technique consists essentially of the inoculation of body fluids or ground-up tissues intracerebrally or intraperitoneally into mice from toxoplasma-free stock. This may produce acute infection in the mice in a few days. More often blind passage is needed before infection can be demonstrated, but according to Wildfuhr (1954) no further isolations are to be expected after the third passage. Even where parasites may be impossible to demonstrate in the inoculated mice the presence of latent infection may be shown by the occurrence of dye test antibodies in the mice several weeks after inoculation (Desmonts and Le Tan Vinh, 1957) . Instead of mice, guineapigs or hamsters may be used, and positive results have also been obtained by inoculating tissue cultures and chick embryos (Jacobs, Fair and Bickerton, 1954) . Unfortunately even in cases that on good clinical and serological grounds can be regarded as due to toxoplasma it often proves impossible to isolate the parasite, and when isolated it may only be after considerable delay and labour.
Gland biopsy. When the patient has lymphadenopathy, and other laboratory examinations have left the diagnosis in doubt, it may be necessary to remove a gland for histological examination. Some of the ground-up gland may also be used for isolation experiments.
The characteristic appearances found correspond; to Robb-Smith's description (1947) of lympho-histocytic medullary reticulosis. This consists of a reactive hyperplasia of the lymphnode tissues with small collections of cells of a particular type scattered through the medulla. These cells are rather large monoor multinucleate--epithelioid cells with a finely granular eosinophil cytoplasm. These appearances were encountered in 23 biopsies examined by Saxen and his colleagues (1958) and in each case serological tests afterwards supported their toxoplasmic etiology. It seems probable, however, that in a number of cases, especially in the earlier stages of the condition, the appearances will be less distinctive and will show little more than a non-specific reactive hyperplasia.
It is very difficult to find the parasites in sections of suspected glands and most workers report negative results. Stanton and Pinkerton (1953) by serial sectioning were able to find two cysts, each lying in a sinus with no particular reaction around it. Cysts are relatively easy to see in section but it seems probable that scanty extracellular parasites, with standard methods of fixation and staining, even if present, are virtually unrecognizable. Improved histological techniques may assist in finding parasites. Wilder (1952) recommended mounting tissues in celloidin, and Armstrong and Fulton (1959) have found an acridine orange fluorescent technique useful for showing up scanty parasites.
Serology. Testing for serum antibodies is the most useful and practical laboratory aid in diagnosis and the one in most general use. Two tests are available-the Sabin-Feldman dye test (Sabin and Feldman, 1948) and the complementfixation (C.F.) test of Warren and Russ (1948) as modified by Sabin (1949) . The dye test is the more sensitive indicator of the presence of toxoplasma antibody but has the disadvantage of being technically more exacting, requiring the maintenance of a standard strain of toxoplasma in the laboratory by frequent passage through mice, the use of a suitable peritoneal exudate from an infected mouse within an hour of its withdrawal, and of a human serum free from antibody and containing an adequate amount of thermolabile "accessory factor". Only about 10% of human sera are suitable for this'purpose. When the parasites are incubated with a serum contamiing antibody and with the "accessory factor" serum they lose their ability to stain with alkaline methylene-blue, the end-point of a serum being the dilution at which 50% of the parasites are still unstained. In spite of the difficulties of the test Rubin (1958) found that his laboratory did not show a variation in titre of more than one tube in repeated tests on sera, and different experienced laboratories have found that when testing the same sera they do not usually get significantly different titres (Sabin et al., 1952) . The complement-fixation test on the other hand is a straightforward test, using as antigen an extract of the toxoplasma-infected chorioallantoic membrane of the chick embryo, previously subjected to high speed centrifugation to eliminate non-specific reactions. This antigen can be maintained in the frozen state for months.
The interpretation of the dye-test results is made difficult by the frequent occurrence of low-titre antibodies in the normal adult population. After any passive antibodies acquired from the mother have been lost, the sera of normal young children give uniformly negative results, but with increasing age the incidence of positive sera rises, the rate at which it rises and its final level in the adult varying with the community. For example, Beattie (1957) found in England 36% of country dwellers and 22% of town dwellers giving titres of 1/16 or over. found a rather similar incidence in the United States. In the age group 30-39 years, the percentage positive at 1/16 or more ranged from 26 % to 45 % according to locality. On the other hand this age group had an incidence of 78 % in the Honduras and 77 % in Tahiti. The majority of these positive sera, however, were of low titre. Only 0-2 % of Beattie's rural population and 0 17 % of his urban population had a titre of 1/256. The significance of a positive dye-test result must be considered against this background. It is evident that a titre of 1/256 can reasonably be regarded as suggestive of a recent toxoplasma infection and in fact, in many cases of frank generalized infection, the titres will run at a much higher level. However, as sera may be persistently strongly positive at a fairly steady level for long periods the most satisfactory evidence of a recent infection is the demonstration, by repeated serum testing, of at least a fourfold change in titre and preferably an eightfold change (Sabin et al., 1952) . Where low titres are obtained it is impossible to relate them to a present illness by a single test and here repeated testing at intervals of several weeks is essential.
Commonly in an acute generalized infection the dye test becomes positive in less than two weeks and rapidly rises to a high titre of 1/256-1/4,000 or more. This then falls over a period of months and persists at a relatively low level for years. In individual cases great variation in the type of response may occur. There may be a delay of over a month before the serum becomes positive, although it may finally reach a high titre, or the highest titre reached may not be much above levels found commonly in the population. A high titre in itself is very suggestive of a recent infection but this has sometimes been found in healthy persons, particularly in home contacts of known cases, e.g. Beverley and Beattie (1958) report a child of 3 with toxoplasmic lymphadenopathy who had two brothers without a history of symptoms but with titres of 1/1,600 and 1/5,000. A high titre may coincide with an unrelated illness. Huldt (1958) , for example, reported 2 cases of lymphadenopathy with strongly positive dye-test titres in which biopsy of the lymph rnodes showed lymphatic leukamia in one and tuberculosis in the other, and Sabin (1956) reports the case of a man convalescing from a proved histoplasma pneumonitis developing a high titre of dye-test and complement-fixing antibodies.
In congenital toxoplasmosis a high dye-test titre is normally found in mother and child at birth, but it is impossible to distinguish at birth between a high titre in the infant due to passive transfer and one due to active infection. If due solely to passive transfer the antibody level will have shown a marked fall by the end of four months and will be absent or negligible before the end of the first year. In active congenital infection the titre is maintained and slowly falls over the following few years. It is doubtful if it ever disappears. Cases of latent or undiscovered congenital toxoplasmosis must occur, for positive sera may be found unexpectedly in small children without clinical toxoplasmosis; for example, Paul (1954) refers to two children aged 14 months and 18 months suffering from vaccinial and pertussis encephalitis, both with dye-test titres of 1/64, both their mothers having hightitre sera.
Complement-fixing antibodies are demonstrable much less commonly in the normal population. Macdonald (1950) found 5% of normal adults with a titre of 1/10 or more, and other workers in this country have found a similar or lower incidence (Cathie and Dudgeon, 1949; Beverley et al., 1954) . In an acute infection complement-fixing antibodies appear later than dye-test antibodies, the titre attained is lower and it falls earlier. Their presence therefore tends to suggest that an infection is well established and may still be active. Owing to their relative rarity in the normal population they should be given more significance than a positive dye test combined with a negative C.F. test. Although the C.F. titres in an infection may roughly parallel the dye-test titres there are sufficient exceptions to this to suggest that the tests are detecting different antibodies.
In congenital toxoplasmosis, at birth both mother and child normally give a high titre in the C.F. test but Sabin and his fellow workers (1952) report the occurrence of babies with congenital toxoplasmosis negative by C.F. test although their mothers' sera were positive. They regard this as a sign that the child has an active infection. The titre in the baby gradually falls over the following few years and eventually disappears, although Eichenwald (1956) found that by the age of 5 years 44 out of 60 children with congenital infection were still giving positive results.
Toxoplasmic choroido-retinitis is the most 9 difficult of the recognized manifestations of toxoplasma infection to diagnose serologically. The dye-test antibodies found are usually of a level commonly found in the normal population, for example in 21 cases proved histologically only three gave titres of over 1/64 ). However, low-titre antibodies are distinctly commoner than in normal persons in cases of choroiditis, especially those of a granulomatous type and in which other causes have as far as possible been excluded (Woods et al., 1954) . In the individual case a low-titre dye test cannot be regarded as diagnostic. The result must be weighed up with other clinical and laboratory findings. Repeated serological testing may demonstrate marked changes in titre (Perkins, 1958) but in many cases of probable toxoplasmic choroiditis significant changes do not occur. In children, however, owing to the rarity of antibodies in normal children, a positive dye test can more confidently be related to a choroiditis. The positive dye test is accompanied in a proportion of cases by a positive C.F. test and we regard this as increasing the possibility that the eye condition is due to toxoplasma infection and as indicating that the infection is probably either active or has recently been active. Negative serology in an eye infection is of course good evidence against a toxoplasma infection. Although the complement-fixation test and the dye test are at present the only serological tests carried out regularly in the diagnosis of toxoplasmosis, Jacobs and Lunde (1957) have devised a himagglutination test using tanned red cells sensitized with toxoplasma antigen. This test also has technical difficulties but there is hope that it may prove more satisfactory than the dye test. Lunde and Jacobs (1958) have carried out a survey comparing these two tests and have found the results paralleling one another closely. Further observations on this test are needed. Skin testing. Frenkel (1948) showed that persons infected with toxoplasma developed skin sensitivity to toxoplasma antigen. This appears to be a specific reaction and is practically always associated with a positive dye test. However, patients with a positive dye test may have a negative skin test, and there is no correlation between the strengths of the two tests. The skin test is useless in children under 2 years and gives a negative result in the early stage of an acute infection. Nevertheless the test may be valuable as a screening test when it is not practicable to do serological testing and, because large numbers of persons can be rapidly examined, for carrying out epidemiological surveys.
Although laboratory tests may sometimes establish the diagnosis beyond doubt, we are left with a number of cases in which the tests are only suggestive and others, especially eye cases, in which a positive result leaves the diagnosis only a possibility but in which a negative result tends to exclude. At present the greatest needs on the diagnostic side are for simpler and more reliable methods of demonstrating the parasite, for a serological test as sensitive as the dye test but less exacting, and for a reliable method, apart from demonstrating changing titres, for distinguishing active disease from old or burnt-out infection.
